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RESULTSOFAN INVESTIGATIONOF STATICANDDYNAMIC
PRESSUREDISTRIBUTIONSONEXTERNALTANK

PROTUBERANCES,MODELII2-T, IN THEII-FOOT LEG
OFTHENASA/ARCUNITARYPLANWINDTUNNEL (IAI91)

by

R. H. Spangler, J. Marroquin and M. E. Nichols

ABSTRACT

This documentpresents results of wind tunnel tests of portions of

the Space Shuttle External Tank protuberances. Testing was conducted in

the ll-foot leg of the NASA/ARCUnitary Plan Wind Tunnel located at

Moffett Field, California. The test was identified as IAI91 and used

model II2-T. Testing was conducted from 28 May 1980 to 20 June 1980.

The objectives of these tests were:

a) To determine the static pressure distributions on an array of

round and rectangular pipes in the presence of a flat plate

representing the LO2 feedllne, GO2 pressure line, LO2 antigey-

ser line and the cable tray on the upper right quadrant of the

External Tank at various cross flow angles.

b) To determine the dynamic environment about this samearray to

determine the possibility of vortex shedding conditions.

Tests were conducted at Machnumbers from 0.4 to 1.0, dynamic

pressure to 1150 psf and crossflow angles from 20° to 90° . A test fix-

ture was used that consisted of a horizontal splitter plate with end

plates to produce an approximate 2-D flow environment over the .25 scale

pipe sections.
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SYMBOL MNEMONIC

BREF

CN*1,2,3

CPRMSi CPRMS

CPi CP

CY*1,2,3

h HEIGHT

LREF

M MACH

NUMBER

Po P

Pi

Pt PTINHG

PT PT

q Q

Rn RN/L

SREF

0 THETA

X X

XMRP

NOMENCLATURE

Reference span (not applicable to this test).

Normal force coefficient from station I, 2, or 3

where * = P, GH2 pressure line; = AG, LO2 Antigeyser

line; = CT, LH 2 cable tray; = CF, LO 2 feed-

line; = CP, GO 2 pressure line.

RMS pressure coefficient from particular Kulite, i

Static pressure coefficient from particular pressure

tap, i

Side force coefficient from station i, 2 or 3

where * = P, GH 2 pressure line; = AG, LO 2 Antigeyser

line; = CT, LH 2 cable tray; = CF, LO 2 feed-

line; = CP, GO 2 pressure line.

Height of protuberance above ground plane, inches

Reference length (not applicable to this test).

Mach number, freestream

Second two digits of tap number, e.g. station = 2,

number = 70, represents TAP 270.

Freestream tunnel static pressure, psf

Local pressure at pressure tap i, psf

Freestream tunnel total pressure, in. hg.

Freestream tunnel total pressure, psf.

Freestream tunnel dynamic pressure, psf.

Freestream tunnel Reynolds Number x 10-6

Reference area, ft 2

Crossflow angle. Angle between a perpendicular to the

model pipe center to the freestream flow direction, deg.

Longitudinal distance on the model measured from the

ground plane leading edge, inches

Longitudinal location of the model reference point (not

applicable to this test)



NOMENCLATURE(Concluded)

SYMBOL

Y

MNEMONIC

Y

YMRP

Z

ZMRP

PHI

Lateral distance from the model centerline, inches

Lateral location of the model reference point

(not applicable to this test)

Vertical distance from the ground plane, inches

Vertical location of the model reference point

(not applicable to this test)

Angular location of a particular pressure tap

measured from the bottom of the protuberance

going up the windward side of the pipe, deg.



REMARKS

Test IAI91 was originally intended to explore the flow field

around four different model configurations both with and without

load reducing ramps. Becauseof time restrictions and great diffi-

culty changing model configurations, only about 25%of the original

run schedule (see reference i) was completed.

The model fixture and associated plumbing caused more blockage

than was originally anticipated so Machnumberwas limited to about

1.0.



CONFIGURATIONSINVESTIGATED

The test article (model II2-T) was designed to simulate a 16-foot

long (full scale) section of the LO2 feedline, GO2 pressure line, LO2

antigeyser line and the cable tray on the External Tank. The model

was constructed at 0.25 scale to represent the average dimensions of

these protuberances at XTI500. The pipes were smooth and round and no

attempt was madeto simulate the full scale mounting hardware or local

perturbations on the pipes. The cable tray was rectangular with sharp

edges. Eachpipe was individually mounted to the ground plane with

round mounting posts. These posts were located to satisfy structural

requirements and were at different spacings on each piece.

The pipe arrays were mounted atop a 4.0 feet wide by 16.0 feet

long ground plane that was 3.0 feet above the tunnel floor. A full

length end plate, 3.0 feet high, was bounded on the left edge of the

ground plane. A moveable end plate 3.0 feet high and 3.5 feet long was

mounted on the right side of the ground plane. This end plate was only

used during the initial calibration runs as no benefit was derived from

it. Figures la and ib show the general arrangement.

Boundary layer measurementson the ground plane were madeat the

beginning of the test (see figure ig). Thesewere run with the rake

9.75 inches and 46.0 inches behind the leading edge of the ground plane

both with and without the forward end plates. Sections of the tunnel

floor were removedin an attempt to get more ventilation under the test



CONFIGURATIONSINVESTIGATED(Concluded)

fixture. These attempts were unsuccessful and the floor plates were

reinstalled for the test.

The first test configuration #3 (figure ic) was the GH2 pressure

line at 0.75 scale. The hardware for this configuration is the same

as that used for the LO2 antigeyser line in configuration #4 (.25 scale)

and all instrumentation locations are the same. This configuration was

run at crossflow angles of 90°, 60° , 40° , 30° and 20° at machnumbers

from 0.4 to 1.0 and total pressures from 1061 psf to 4597 psf (15 to

65 inches hg.).

The second test configuration #4 was the LO2feedline, GO2pressure,

LO2 antlgeyser line and the cable tray. This configuration was run

with the LO2 feedline upstream as shown in figure Id. This configura-

tion was run at crossflow angles of 40° and 20° , at machnumbers from

0.4 to 1.0 and at total pressures from 1061 psf to 3536 psf (15 to

50 in. hg.).

Configuration #3 was run with no side plates at 90° , with the

forward left hand sideplate at 60° and with both left hand side plates

at 40° ' 30° and 20° . Configuration #4 was run with both left hand side

plates at all times (40° and 20o).

9



INSTRUMENTATION

Model static pressures were measuredwith two 5-pack scanivalves

mounted in a channel under the ground plane. There were 222 static taps

on'the model (configuration No. 4) in three identical rows located 6

inches apart at the center span of each pipe. RowNo. i (taps I01_174)

was 6 inches left of center (upstream), row No. 2 (taps 201+274) was at

the center and row No. 3 (taps 301+374) was 6 inches right of center

(downstream). There were also 42 taps on the ground plane centerline

and 12 taps on the leading edge of the cable tray.

The LO2 Antigeyser line model hardwar% configuration 4 (taps 1314154,

231+254, 331+354)was utilized to simulate the GH2 pressure line (con-

figuration No. 3) and instrumentation remained the same for both configu-

rations.

All instrumentation leads were routed through the model support

posts and along the bottom of the ground plane to the scanivalves.

Figure le shows the location of all static pressure taps.

Dynamicpressures were measuredusing Kulite miniature pressure

sensors flush mounted on the model at the locations shownin figure if.

Kulite data were recorded on magnetic tape.

l0



TESTFACILITYDESCRIPTION

The AmesResearch Center Unitary Plan Wind Tunnel ll-foot transonic

test circuit is a closed-circuit, single return, air-medium, continuous

flow, variable-density tunnel. The ll-foot by ll-foot by 22-foot long

test section is slotted to permit transonic testing. The nozzle has

adjustable sidewalls. The tunnel air is driven by a 3-stage axial flow

compressor powered by four wound-rotor induction motors.

The tunnel is capable of attaining machnumbers from 0.4 to 1.4 at

Reynolds numbersfrom below 1.7 x 106/ft to approximately 9.4 x 106/ft.

Shadowgraphand Schlieren photographic equipment is available, and

pressure transducer instrumentation is provided.

Tunnel operating temperature is 580°R. Extended high Reynolds

number runs are restricted by power availability.
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DATAREDUCTION

All static pressure data were reduced to coefficient form:

Pi-Po
Cpi = q

where i is individual tap number.

Kulite data were recorded on magnetic tape for future analysis and

RMSpressure levels were recorded and digitized in the form:

CPRMsi = PRMSi
q

where i is individual Kulite number.

Normal force and side force coefficients were computed at the tunnel

and are presented in the force data tabulations in the appendix. In

addition, DMSwas requested to integrate line pressures to obtain normal

and side force coefficients after removing any bad data points. Section

force coefficients were calculated for each individual componentat each

of the three pressure tap stations. All coefficients are based on the

individual pipe diameters or in the case of the cable tray, the side

force is based on height and the normal force on width. The circular

section coefficients were obtained by fitting a spline curve through the

data after removing bad data points, (see Table IV) and integrating the

resultant curve versus phi. The cable tray coefficients were obtained

by taking the difference between each set of opposing pressure taps

then fitting a spline curve through the resultant data and integrating

across the cable tray dimension. The integrated data are documentedin

DMSspecial request 8Uand are available on request.

12
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TABLEI

TESTIAI91 TUNNELCONDITIONS

MACH

.402

.501

.602

.700

.799

.854

.905

.950
1.058

.398

.490

.600

.704

.800

.850

.900

.950
1.022

•400
.506
.600
.693
.803
• 847
.895
.962

.396

.499

.598

.698

.799

PT
.. psf

1062
1064
1064
1064
1062
1062
1063
1063
1077

1767
1767
1769
1768
1770
1771
1769
1769
1769

3532
3537
3533
3535
3535
3537
3179
3179

4344
4594
4598
4598
4230

P
psf

95O
896
832
766
697
659
625
594
531

1584
1499
1385
1270
1161
1104
1043
991
910

3163
2969
2770
2564
2311
2213
1889
1755

3897
3877
3610
3319
2776

Q
psf

107

157

2].1

263

311

336

358

375

416

175

252

349

440

520

558

594

625

665

355

532

698

862

1044

IIi0

1060

1136

429

674

904

1133

1242

• 14
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Table III. STATIC PRESSURE TAP LOCATIONS

TAP

NO. Z

i 0.i

2 0.2

3 0.3

4 0.4

5 0.5

6 0.6

7 0.7

8 0.8

9 0.9

i0 1.0

ii 1.775

12 2.525

13 3.26

14 4.01

15 6.0

16 8.0

TAP

NO.

* 01 O °

02 15 °

03 30 °

04 45 °

05 60 °

06 75 °

07 90 °

08 105 °

09 12Q °

i0 135 °

Ii 150 °

12 165 °

13 180 °

14 195 °

15 210 °

16 225 °

17 240 °

18 255 °

19 270 °

20 285 °

21 300 °

22 315 °

LOCATION

RAKE

LOCATION

LO 2 Feedline

TAP

NO.

23 330 °

24 345 °

25 0°

26 60 °

27 120 °

28 180 °

29 240 °

30 300 °

31 0 °

32 15 °

33 30°

34 45 °

35 60 °

36 75 °

37 90 °

38 105 °

39 120°

40 135 °

41 150 °

42 165 °

43 180 °

44 195 °

45 210 °

46 225 °

47 240 °

48 255 °

49 270 °

50 285 °

51 300 °

52 315 °

53 330 °

54 345 °

XCT
TAP IN. FROM

NO. LEADING EDGE)

* 55 2.52

56 1.91

57 1.31

*STA 1 TAPS 101+174; STA 2 TAPS 201+274; STA 3 TAPS 301+374.

LOCATION

LO 2 Feedline

GO 2 Pressure Line

LO 2 Antigeyser Line
and

GH 2 Pressure Line

LOCATION

Cable Tray

Bottom Edge

18



Table III. STATICPRESSURETAPLOCATIONS(Continued)

XCT
TAP (IN. FROM TAP
NO. LEADINGEDGE) LOCATION NO. Y

* 58 .70 Cable Tray 162 - 6.0

59 .I0 Bottom Edge 406 - 3.0

262 0

ZCT 407 3.0
*TAP (IN. FROM 362 6.0

NO. BOTTOM EDGE) LOCATION 408 9.0

409 12.0

60 .I0 Cable Tray 410 15.0

61 .29 Leading Edge 411 18.0

62 .39 412 21.0

63 .68
64 .88 TAP

NO. X

XC T
*TAP (IN. FROM 801 3.0

NO. LEADING EDGE) LOCATION 802 6.0

803 9.0

65 .I0 Cable Tray 804 12.0

66 .70 Top Edge 805 15.0

67 1.31 _ 806 18.0

68 1.91 _ 807 21.0
69 2.52 808 24.0

809 27.0

ZC T 810 30.0
*TAP (IN. FROM 811 33.0

NO. BOTTOM EDGE) LOCATION 812 36.0

813 39.0

70 .88 Cable Tray 814 42.0

71 .68 Trailing Edge 815 45.0

72 .39 _ 816 48.0
73 .29 817 51.0

74 .i0 818 54.0

819 57.0

TAP 820 60.0

NO. Y LOCATION 821 63.0

822 66.0

401 -21.0 Cable Tray Leading 823 69.0

402 -18.0 Edge 824 72.0

403 -15.0 l 825 75.0

404 -12.0 _ 826 78.0
405 - 9.0 827 81.0

LOCATION

Cable Tray I_eading

Edge

LOCATION

Ground Plane

*STA i TAPS 101+174; STA 2 TAPS 201+274; STA 3 TAPS 301+374.

19



TAP
NO.

828
829
83O
831
832
833
834
835
836
837
838
839
84O
841
842

84.0
87.0
90.0
93.0
96.0
99.0

102.0
105.0
108.0
Iii. 0
114.0
117.0
120.0
123.0
126.0

Table III. STATICPRESSURETAPLOCATIONS(Concluded)

LOCATION

Ground Plane

20
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TABLE V

BAD PRESSURE TAPS

CONFIGURATION RUN NO.

#3 GH 2 PRESS. LINE

(GH 2 PRESS. LINE)

22

23

23

23

23

38

44

M Pt h 8

.400 15 1.875 90

.499

.604

.705

.796

.857

.910

.948

1.008

.683 45 1.875 90

.847

.896

.396 50 1.875 90

.492

.600

.700

.801

.799 60 1.875 90

.396

.497 65 1.875 90

.499

.598

.698

.698

.396 15 1.875 30

.500

.608

.701

.800

.850

.908

.951

1.006

.404 50 1.875 20

TAP NO.

250

250

250

250

250

148

135,

147-154

22



TABLEV. BADPRESSURETAPS(Continued)

CONFIGURATION

#3 GH 2 PRESS. LINE

(GROUND PLATE)

RUN NO.

22

23

29

30

33

34

35

38

39

M Pt h e TAP NO.

.402 15 1.875 90 537-542

.501

.602

.700

.799

.854

.905

.950

1.006

.683 45 1.875 90 537-542

.847

.888

.404 50 1.875 90 537-542

.608

.711

.798

.799 60 1.875 90 537-542

.396

.497 65 1.875 90 537-542

.598

.962 45 1.875 60 539-542

.398 25 1.875 60 537-542

.962 45 1.875 40 537-542

.703 50 1.875 40 537-542

.796

.847

.398 25 1.875 40 537-542

.490

.600

.704

.800

.850

.902

.948

1.022

.402 15 1.875 30 537-542

.501

.404 50 1.875 30 537-542

.847

23



TABLEV.

CONFIGURATION

BADPRESSURETAPS(Continued)

RUNNO. M Pt h TAPNO.

#4 LO2FEEDLINE
L_02PRESS.LINE
LO2 A/G LINE
LII2 TANKCABLETRAY
(LO2 FEEDLINE)

#4 LO2 FEEDLINE
GO2PRESS.LINE
LO2A/G LINE
LH2 TANKCABLETRAY
(GO2 PRESSURELINE)

56 .403 15 .560 40
.496
.620
.703
.795
.862
.903
.953

57 .402 25 .560 40
.501
.610

.701

.800

.853

.895

.951

59 .405 45 .560 40

.506

.611

.700

.793

.808

.848

56 .403 15 .560 40

.496

.620

.703

.795

.862

.903

.953

57 .402 25 .560 40

.501

.610

.701

.800

.853

.895

.951

59 .405 45 .560 40

.506

.611

.700

.793

.808

.848

24
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TABLEV.

CONFIGURATION

BADPRESSURETAPS(Continued)

RUNNO. M Pt h TAPNO.

#4 L02 FEEDLINE
GO2 PRESS.LINE
L02 A/G LINE
LH2 TANKCABLETRAY
(LH2 TANKCABLETRAY)

48 .398 15 .560
.501
.605
.704
.808
.855
.906
.962
.977

49 .399 50 .560
.490
.595
.716
.799
.800
.840

20

20

267,268

267

50 .908 45 .560 20 267

.973

52 .395 25 .560 20 267
.489
.602

.714

.803

.844

.901

.957

.992

56 .403 15 .560 40 267,268
.496

.620

.703

.795

.862

.903

.953

57 .402 25 .560 40 267

.501

.610

.701

.800

.853

.895

.951

25



TABLE_fo

CONFIGURATION

BADPRESSURETAPS(Concluded)

RUNNO. M Pt h 0 TAPNO.

#4 LO2FEEDLINE
GO2PRESS.LINE
LO2A/G LINE
LH2 TANKCABLETRAY
(LH2 TANKCABLETRAY)

CALIBRATION RAKE

(CAL. RAKE FWD. -

ALL PLATES INSTL'D)

(CAL. RAKE FWD. -

ALL PLATES & TTBL. REMOVED)

GROUND PLATE

(CAL. RAKE FWD. -

ALL PLATES INSTL'D)

(CAL. RAKE FWD. -

RT SIDE PLATE REMOVED)

(CAL. RAKE AFT - RT SIDE

PLATE & FLOOR PLATE REMOVED)

59 .405 45 .560

.506

.611

.700

.793

.808

2 .556 15 8

40 267

- RI-RI6

9 1.117 15 8 - R5

1.257 RI-RI6

2 .393 15 8 - 537

.399

4 .326 25 8 - 537

7 .328 25 8 - 537

15 .409 15 8 - 537

16 .408 25 8 - 537
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Model Sketches (Continued)
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APPENDIX

TABULATEDSOURCEDATA

PRESSURE

"A" GROUNDPLANE
"B" LO2 FEEDLINE
"C" GO2 PRESSURELINE
"D" LO2 ANTIGEYSERLINE
"E" CABLETRAY
"F" GH2 PRESSURELINE
"G" CABLETRAYEDGE
"H'_ RAKE

1-112
113-135
136-]50
151-_173
174-207
208-255
256-268
269-301

KULITEDATA

"I" GH2 PRESSURELINE
"J" LO2 FEEDLINE
"K" GO2 PRESSURELINE
"L" LO2 ANTIGEYSERLINE
"M" CABLETRAY

302-358
359-387
388-400
401-427
428-456

FORCE

"P" GH2 PRESSURELINE
"Q" LO2 FEEDLINE
"R" GO2 PRESSURELINE
"S" LO2 ANTIGEYSERLINE
"T" CABLETRAY

457-462
462-465
465-468
468-471
471-474
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